
t ~ fjS<O

( Purchased by Agricultural Research Service, U,S, Department of Agriculture, for officU1fiSTEA LOPT

Design of Recirculating Irrigation Systems
James A. Bondurant

MEMBER ASAETHE reuse of runoff water is becom- water collected fr ' , t ' , " om one IrrIga Ion set

, ,rn~ an rntegr~l part of ~he farmer s is returned to the head ditch and a -
, IrrigatIon operatIon, especIally where plied with the normal inflow on tt
I water costs are relatively high, ,Reuse next irrigation set, A volume balanc:

o,f runoff water collected by recIrcula- for such a system is:
tIon systems from one or more fields V =decreases the amount of water that . CI Va + (n-l) (C2-C3) Va

! needs to be pumped or delivered to the h . . . . . . . . . . . . . . . [1]
f , d " were
~rm an can Improve water-applIca- -'tIon efficiency on individual fields. It V. -- volume of runoff water rn stor-

also reduces contamination of natural age after any irrigation set
streams by stopping the surface flow FIG 1 S . Va = volume of water applied per
f ' I d ' . equence-type return system wIth set

0 SI ~ an any nutrients that may be reservoir, pump and short return pipe. - " ,contaIned in the runoff water. ~tored water collected from an upper field n - nw:nber of IrrigatIon sets
The economic value of the runoff IS used as a separate supply and is pumped CI = ratio of amount of runoff to

wat~r ~ll us?ally be the deciding fac- across the road to lower lying field. amount ~f ,ap~lied water, for
tor rn Installing recirculating irrigation "the, first IrrIgatIon set
systems. In areas of limited water sup- mum economy and efficIency rn the C2 = ratIo of amount of runoff to
ply or where water is relatively expen- reuse of collected runoff water. amount of applied water, for

sive, such as water Pumped from wells
F t . I A I . subsequent irrigation sets

, unc lona na YSIS - ' freuse of runoff water may result in c:I - ratIo 0 amount of water
more economical farm operation, Wa- The recirculating irrigation system pumped from stored runoff to
ter is often used as a substitute for must collect runoff water from one or amount of applied water
labor, thus causing an increase in run- ~ore fields and return it to some point Since the rate at which water is
off: This is pa~ti?ularly true on farms ~n the farm distribution. system where pumped from storage must be deter-
USIng s~~ace, IrrIgation systems. Re- It, may be used effeC,tIvely and effi- mined, equation [1] may be restated
use of IrrigatIon runoff water, particu- clently. ,A study of different methods in terms of flow rates:
larly with furrow irrigation, may be of handlIng runoff water showed that V = C t + (n-l c-more economical than the use of addi- the .system should function in the fol- (. + 1 qo a) t ) ( 2 C3)

[ 2]tional labor to accomplish efficient ir- I~WIng manner to accomplish its de- h qo qp'I a""'."
rigation. If runoff is reused, a larger sign purpose: were
percentage of the diverted or pumped I, Runoff water should be applied to qo = rate at which water is diverted

, irrigation water will infiltrate the soil, a dIfferent field or portion of the field from external sources (canal,
! In some irrigated areas, runoff from t~an th~t on which runoff occurs. Re- well, etc.)
Ii both surface and sprinkler irrigation is cIrculatIng runoff to the same irrigation qp = rate at which water is pumped

prohibited by law and return of run- ~et that is generating runoff results only from stored runoff
off water to the supply is mandatory. m temp~rari~y sto~ing water on the '1 = rati~ of time stored runoff wa-

. In other areas, farmers may be more fi.eld. ThIS WIll not Increase the infiltra- ter IS pumped to total time of

concerned about the actual loss of wa- tIon rate, but will increase the rate of application
~er, an,d soil. Whether a recirculating r?no~ and will probably increase ero- ta = total time of application

IrrIgatIon system is installed for eco- Slon rn the furrow. The rate at which water is initially
nomic, social or legal reasons, there ex- . 2 When computed over the time applied to the field for the second and
ists a need for a functional analysis of rnte~al ~equired to irrigate the area succeeding sets is:
such systems, for better methods of contributIng to the recirculating sys- q = q + q = q (1 + c) [3]obtaining the data necessary for de- tern, runoff water will have to be re- h a ~ th p t. 0 4d : d. f tu d t h h were C4 IS e ra 10 q / q an IS e-
SIgn and or a better design Procedure me 0 t e system at t e same rate t '

d f fi Id t .alP 0 1 .
fA . . th t 't ' 1 d 'f 1 ,ermme rom e rI s or anaYsls 0

survey of recIrculatin
g Systems in a 1 IS accumu ate 1 a 1 runoff IS ' t ' ., ti. ct.

t b d If . eXlS mg Irrlga on pra Ice.
southern Idaho showed that many were 0 e reuse. temporary storage IS Th
installed haphazardl y and could have provided, stored runoff will eventually t de volum ff ~ of water pumped from

b fi f h t b . 1 d sore runo IS:

ene ted rom better design (1) °. ave 0 e reCIrCU at~ at a rate equal -Many of these systems were not func- to storage accumulatIon to prevent loss Vp - qp'I ta. . . . . . . . . . [4]

tioning in a manner that provided maxi- by overfl~w. , The volume of water applied during
3 Maxunum unprove~ent in total th~ first set will be less than that ap-

PaMPer !,o, 66-746 was presented at the Win- water use on the farm WIll result from PlIed on succeeding sets and the area
ter eeting of the American Society of Agri- ' t d ff h 'cultural Engineers at Chicago, Ill" December USIng sore runo water to ac Ieve a irrigated will also be less if the same
~e:/e'r Divrsit~~gram arranged by the Soil and r~duc~d stream size for cutback irriga- stream size is used. Thus:

'l;'he author-;-JAMES A. BONDURANT-is tIon; I.e., stored runoff water is pumped V = V ( -
1) [5]agricultural engIneer, Snake River Conservation to in

cr
ease th t ' d . h a 0 n - Research Center at Kimberly, Idaho, e s ream SIze urIng t e

Abl~tho.r's Note: This .pal?er was approved for advance Period and
Pumping is stopped Va = V 0 + V p = qota + qp '1 ta

pu lcatlon as a contrIbution from the North- ( > 1)west Bra'!c!t.. Soil an? Water Conservation Re- after the field has started to produce n . . . . . . . . . . . . . [6]
search DIvIsIon, Agricultural Research Service, ff Th' d d 1 . .
U:S, Departlnent of Agriculture, in cooperation runo. IS re uces eep perco atIon where V 0 IS the volume of water per

WI~h
Nthe bIdah,? Agricul thtural Experiment Station, and runoff so that a minimum amount set delivered fro

m the prun'
ary so'

urceum ers m paren e..es refer to the ap- f '
pended references, 0 water must be recirculated. Runoff - canal, well, etc.

I This article is reprint~d from the TRAN~ACTIONS,of the ASAE (Vol. 12, No, 2, pp. 195, 196,197,198 and 201,1969)
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Having V p and Va, Cg may be deter- storage. This system, however, would installations. Some storage can be ob-
mined as: require repumping more water, a larger tained by enlarging the collecting ditch.

Cg = V p/Va . . . . . . . . . . . [7] reservoir and a larger pump and pipe- The recirculating irrigation system
F 1 1. f h .. line; therefore, the total operating cost will normally consist of three parts:

. or exa.rnp e, ana ~SIS 0 t e Imga- would be greater. 1 System for collecting and storing

tIon practice for a gIven field, 660 ft An 1 . f urf .. . f unoff water1 f . d . . . 1 a YSIS 0 s ace IrrIgation prac- 0 r
ong, 3- t-row spacIng, an an mItia . h th if h f 2 Pumping unit for returning waterstream size of 10 gpm per row, has tice sows at t e amounts 0 wa- ...

ter stored in the soil and lost by deep to IrngatIon system
shown that IrngatIon wIth unreduced 1 . f h 3 PI'pelI .ne or other m eth od for con. d 20 ff perco atIon are constant or eac set,. ... -

i stre~ .SlZ~ pro ~ces percent runo and if all runoff returned to the ms- veymg water back to IrngatIon system.

! ~nd Irngation wIth the stream reduced tribution ditch, then the amount of Under certain conditions, neither
~.O percent af~er ?ne-fourth of the total w"ater that needs to be diverted to the pump nor pipeline may be necessary.
tIme of applIcatIon produces 10 per- fi Id ' . d d f h t f The size capaci ty location and se-ff D .. h. thO e IS m epen ent 0 t e percen 0 "
cent runo. esIgnmg to ac Ieve IS ff H h d d lection of equi pment for these Systemsreduction in stream size b um in runo. owever, w en nonre uce . . .. .
f d ff Y P P g streams are used increasin g the stream are functIons of the mall lrrIgatIon

rom store runo : .. '.. h h.
1 t f thSIze results m an Increase m runoff and system, t e topograp IC ayou 0 e

C4 = 200/0/ (1000/0 - 200/0) = 0.25 a decrease in deep percolation. Thus, ~eld or fi~lds, and th? farmer's irriga-

Assuming 1.00 ac-ft (1.00 cfs for 12 the diversion requirement can be re- t~on practIce an.d desIres. The ~ollec-
hours) diversion, - ~rom the canal for all duced by using larger irrigation streams ti?n system ~ill usually consIst of
sets, ~e runoff from the first irrigation and recirculating runoff water. Maxi- dItches con,:,eYIng runoff ~ater to a
set would be: mum nonerosive streams should not be central locatIon. The pumpIng part of

C V = 020 X exceeded, however. a system will usually consist of a pump,
1 af . motor-drive equipment, starter for elec-

(acre- eet) . 1 1 dDescription of Systems trIca systems, va ves, an a sump.
For the second set: R . 1 . .' . D .

Da = 1.00 (1 + 0.25) = 1.25 cfs ecIr~u atIng Irn~atIon systems can esIgn ata
q = 0.25 cfs be class~ed accordIng to the method The design data needed for any
qp of handlIng runoff water. If the water given farm are the topographic features
The volume pumped from stored is returned to a field lying at a higher of the farm and an estimate of the

runoff would ,be: elevation, it is usually referred to as amount of runoff water to be handled.
Vp = 0.25 X 1/4 X 12 = 0.75 a re~urn-flow system;.if the wat~r ~s Generally, by the time a farmer in-
ac-in. = 0.0625 ac-ft applied to a lower lYIng field, thIs IS stalls a recirculating irrigation system,

. termed sequence use. A sequence sys- he has irri gated the farm and the P oint

The total volume a

pplIed' . h . . h . F. 1. tem WIt a reservoIr IS s own m Ig. . of runoff collection is known. Some
Va = 1.00 + 0.063 = 1.063 ac-ft ~ystems may also be classified accord- field leveling may be necessary to chan-

r The volume of runoff per irrigation mg to whether or not they accumulate nel runoff waters to a common collec-
! set (n> 1): and. store the runoff water. Systems tion point. Reservoirs should be 10-

V = 0 10 X 1 063 = 0 106 -f storIng collected runoff water are re- cated so that the most economical con-
Cg a . . . ac t f d t " . t "

serre 0 as reservOIr sys ems. ys- veyance to the point or reapplication
This leaves a net gain of 0.043 ac-ft tems which immediately return the run- is obtained. On flatter lands all run-
per set accumulating as stored runoff. ?ff water require little reservoir c~pac- off usually can be picked up at one

After five sets, the first applied to Ity. These ~sually have automatically point. The situation, however, may lead
two .acres at the. 1 ;O-cfs rate and suc- ~ycle? pumpIng system~, and are termed to a system requiring the most pipeline
ceedmg sets applIed to 2.5 acres at the cyclIng-sump systems. One .or more to return water to the head ditches. On
1.25-cfs rate with cutback irrigation, typ~s of systems may be applIcable to steeper slopes and on rolling and hilly
12.0 acres would be irrigated, 5.00 ac- a gIven farm. land, runoff collection points probably
ft would have been diverted from the The sequence system generallJ:' will will not be as far from the point of re-
canal and 0.37 ac-ft (0.20 + 4 X have a pump and only enough ~Ipe to application as on flatter land, because
0.043) stored as runoff at the end. If convey the water. to the ~ead dItch of irrigation runs will not be as long.
the runoff had not been stored and the next feld. WIth plannIng and some Determination of the amount of run-
reused, 6.00 ac-ft would have been land leveling, it may be possible to cre- off water to be handled by a recirculat-
diverted from the canal in six sets and ate enough elevation difference be- ing system is of major importance. The
1.20 ac-ft wasted as runoff. A further tween fields to apply the runoff water amount of runoff, and in some instances
savings of water and a reduction in to a lower field in sequence by gravity. the rate of runoff, is needed to deter-
runoff storage capacity can be obtained A reservoir system collects enough mine the size of reservoir, pump, and
by diverting the amount needed to be water to be used as an independ~nt conveyance system, all of which are
pumped from storage to effect the cut- supply or as a supplement to the ong- major cost factors in the recirculating
back irrigation directly into storage be- inal supply to provide a cutback stream. system. The expected runoff can be
fore the first irrigation. All sets would Reservoir size will depend on whether determined by measurement or by esti-
then be irrigated at the higher efficiency collected water is handled as an in- mation. Measurement of runoff from
and the resulting stored runoff after dependent supply, and, if not, on the the total land unit over a period of
five sets would be 0.28 ac-ft (0.063 + rate water is pumped for reuse. A time will yield the best data for de-
5 X 0.043). small.er reservoir is requi~e~ if .this sys- sign. Lacking this, measurement of

If, in the above example, a cutback tern IS used for cutback IrrIgatIon. one or more irrigation sets under the

stream was not used and all runoff The cycling-sump system consists of farmer's normal practice will yield a
from the first five sets was collected, a sump and a pump large enough to reasonable estimate.
1.00 ac-ft would have been stored. This handle the expected rate of runoff into The amount of runoff can also be
could be used as a separate supply to the sump. Pump operation is controlled estimated from analysis of field condi-
irrigate the last set and the total wa- automatically by a float-operated or lions and the farmer's irrigation prac-
ter diversion from the canal ,'{ould be electrode-operated switch. These sys- tice. One technique, outlined by Wil-
5.0 ac-ft with 0.20 ac-ft remaining in tems are similar to dJ:ainage pumping lardson and Bishop (2), requires data~
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FIG. 2 Stream advance, cumulative intake function and cumu- FIG. 3 Plot of average cumulative intake and cumulative ap-
lative intake curves, plication depths with and without cutback stream.

on the intake rate of the soil, the rate average intake rate is 8 gpm per furrow system. The design and operating con-
of advance of the furrow stream down after 3 hr, leaving a runoff rate of 2 ditions are determined, fixed costs and
the furrow, the design depth of irriga- gpm per furrow. annual operating costs are computed,
tion and the physical dimensions of the When designing cutback streams, the and finally the total annual cost is de-
field. Their analysis shows that, if a net effect of reducing the stream size termined. The following information
single (or nonreduced) stream size is can also be detelmined by this method. is needed to design the system:
used, a minimum of about 20 percent This example shows that by reducing Rate and quantity of water diverted
runoff can be expected for most intake the applied stream size to match the to the farm
rates with stream advance to total ir- average intake rate at 3 hr results in Irrigation practice analysis
rigation time ratios approximating 0.20. 0.6 in. of runoff at the end of 12 hr of Reservoir size

The amount of runoff to be expected irrigation. If the stream was not re- Pumping rate for returning water to
can also be computed quickly by the duced, 1.5 in. of runoff would have the system
graphical technique shown here. This occurred after 12 hr. The effect of re- Total operating head, including both
method also requires data on intake ducing the application rate at other elevation and friction head
rate and stream advance for the par- times can be tried to determine the Pipe diameter and type

.. ticular field, The advance data (Fig. maximum reduction in runoff. The ef- Pump type, size and efficiency

2A) is used to obtain intake oppor- fect of returning water to the field at Motor size and efficiency.
tunity times at various distance inter- different rates can also be evaluated. The total hours of operation are de-
vals along the length of run. Cumula- If the designer is familiar enough with termined from the number of hours per
tive intake curves for the field at any the area and irrigation practices, de- irrigation and the number of irrigations
given time are then computed using sign runoff quantities may be estimated. per year that may be expected.
the intake curve (Fig. 2B) and are Where the water supply is reasonably The rate at which water is diverted
plotted in Fig. 2C. Average cumula- constant over the season, such as to the farm from external sources may
tive intake values are plotted in Fig. 3. pumped supplies or continuous deliv- be changed if the runoff is recirculated,

Using the mass balance concept, the eries from a canal, the amount of run- since most systems are designed to use
amount of runoff is the difference be- off expected from a given farm will a specific flow rate. The total amount
tween cumulative depth of application probably be quite uniform. With a of water diverted to the farm can be
and average cumulative intake for the variable water supply, the amount of decreased by the amount of runoff
fields as shown in Fig. 3. The average runoff may also vary. The amount of saved. This is the amount of runoff
cumulative-intake curve and the ap- runoff may also vary over the irrigation which occurred under the previous
plication rate are used to obtain the season because intake rates change. In practice and not necessarily the amount
rate of runoff. The average intake rate most areas, intake rates are relatively recirculated because some water may
for the field at any time is the slope of high in the spring and after cultiva- be recirculated more than once.
the average cumulative intake curve lions. Later in the season they usually The amount and rate of runoff to be
and can be determined by drawing a decrease and runoff percentages in- handled can be determined by analysis
tangent to this curve at the desired crease unless application rates are of the farmer's irrigation practice as
time. The rate of runoff is the differ- changed. previously discussed. These data are
ence between the application rate and . used to determine the reservoir capac-
the average intake rate, or the slopes DesIgn Procedure ity necessary for the proposed method

of the two curves, at the given time. The procedure for designing recir- of handling the runoff. Reservoir size
In the example, Fig. 3, the application culating irrigation systems is similar to will be smallest if the runoff is pumped
rate is 10 gpm per furrow and the designing any other type of pumping back at the rate it occurs, and largest

I
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I "p TABLE 1. WATER-USE RECORDS FOR ! ,,~ EXAMPLE FARM

; , Applied, Runoff, RUDOlf,
3080 acre-feet acre-feet percent

-' I11 i:"~,,,,~ : May 38.42 3.30 8.6
: ",e,.'":) June 15.18 1.19 7.8, , July 92.34 7.45 8.1

, : ,j! . August 84.53 12.41 14.7
;i i' ; September 64.2'2 9.11 14.2
'.; 128O' October 6.55 1.38 21.1f! ,c Total 301.24 34.84 11.6., ",
I; 1f1 .
f, -- : ec.onomical. pipe diam~ter increases

: 2 wIth pumpmg rate to 8 m. and an an-

t nual cost of about $245 for pumping
! 1.0 cfs. If the water is returned to the

fann-delivery point, the minimum-cost
pipe diameters are also 3 in. for 0.2
cfs and 8 in. for the 1.0-cfs pumping
rate. Total annual costs are increased
since more head and a longer pipe are

FIG 4 Plan view of example farm showing direction of irrigation of fields and How involved. Corresponding total annual
of r~nolI water, costs are $225 and $400, respectively.

The linear increase in total annual cost
after the minimum pipe diameter is

if the the runoff is stored and handled mand canal system, is used as an ex- reached is the effect of a minimum
as a separate supply. The smallest ample. The fann layout (Fig. 4) shows power charge which in this case is
quantity of water will be handled and that the water enters the fann at the equivalent to a 3-hp installed demand
equipment costs will be least if the high point and is distributed along the charge. In the example area, it is
runoff is used to effect a cutback in ir- north side of the fann and down both cheaper to connect to the nonnal fann-
rigation. the east and west sides to irrigate lower stead system if the installed horsepower

Fixed costs include the cost of the lying fields. All runoff water drains is 2-hp or less and operating time is
pumping plant (including pump, strain- into the c~ntral point i~dicate~. T~is less than 500 hr a month.
er, fittings, starter, wiring), structures, central pomt or reserv?lr .10c~tIon. lIes The recommended design in the
reservoir, and pipeline. The annual 75~ ft f~om the lower dIstrIbutIon dlt?h, above example would be to pump 0.2
fixed costs are detennined using an whlch!s level and can be supplIed cfs with provision to return the water
amortization factor based on the design from eIther end,. and a~out 1,500 ft to both the original delivery point and

,'i life and the interest rate paid for bor- from the fann. delIvery pomt. ~h~ slope the lower lying distribution ditch. The
~ I rowed money. The annual operati~g of the lan~ IS o?e percent glvmg 15 annual cost of this s);'stem will be about
11 costs include the power cost and mam- feet e~evatIo~ dIfference between. the $2.10 per acre. ThIs system could be
~ tenance for the given pumping inst.aIla- collectIon pomt and the fann delIvery u.sed either ~o effect a cutback irriga-

~'
1 tion. The total annual cost for a gIven pomt. . tion or provIde a separate supply for

j, design is the sum of the annual fixed The measured water use on thIs fann smaller sets. The reservoir size is de-

costs and the annual operating costs. for 1964 is given in Table 1. These tennined from the average runoff and
Since the fixed costs and the operating data are given by months. si~ce .the should store about 15 percent runoff
costs are not entirely independent, anal- power rate structure for IrrIgatIon for a 24-hr irrigation. With an aver-
yses should be made with different pumping in this area is on a monthly
rates of pumping and pipeline sizes to billing basis. Th~ee hun.dred ac-ft of
detennine the minimum total annual water were applIed durIng the year, I \
cost. with ahnost 35 ac-ft or 11.6 percent. ~~I.. ok

If the different factors involved in runoff. Assuming that this 11.6 per- § \ \

the total a~nual cos~ can. be expressed cent runoff can be saved, the diversio? ~ ~ ~ ",, as a functIon of pIpe dIameter, total to the fann can be reduced by thIs ~ \-'=~

dynamic head and flow ~ate, then a amount. An. allowance for se.epage m

minimum cost can be obtamed by par- and evaporatIon from the reservoIr may
tial differentiation and simultaneous have to be made. . 2 3 .
solutions of the partial derivatives. An Cost analyses for delivering water to APE"'" .
example of this for gravity-irrigation the lower ditch and to the farm de- FIG..5 Total annual <;ost a~ a function of
pipelines has been given by Horn (3). livery point for different pumping rates pumfPmg ~atel " and pIpe dIameter for a
P . 1. t f . . d d 'ff .. h . 750- oot pIpe me.Ipe me cos s or a gIven gage pIpe an I erent pIpe sIzes are s own m
can usually be expressed in tenns of Figs 5 and 6, respectively. These are

\cost per lin~ar. f°o.t per inch of diame- total annual co~ts for. electric pump- QI~ L.~. -::

ter. Some IrrIgation po~er rates can ing plants havmg Wlre-to-water effi-. n4 ... ::::---===~;;;;;;;;;;;
be expressed as a functIon of head, ciencies of 60 percent. Prices were ~ \::~~ ""- ~
How rate, and pumping hou~s, but i~ is based on 14-gage, welded-steel pipe u \: ~-:::::~~~-
difficult to find pump prIces whIch and side-suction centrifugal pumps. A ~ 2 -
have a mathematically describable re- 15-year expected equipment life and a :
lationship to head, capacity and effi- 6 percent interest rate were used for ~

ciency. computing fixed annual costs. If, the .. water is pumped the 750-ft distance, 2 APE DIAMETER. IN""E'

DesIgn Example the most economical pipe diameter for .
. . .. . .

h FIG. 6 Total annual cost as a functIon of
A southern Idaho fann of 105 Irrlga- 0.2 cfs pumpmg rate IS 3 m. WIt an pumping rate and pipe diameter for a

ble acres, obtaining water from a de- annual cost of about $160. This most 1600-foot pipeline.

'i
fIi



age inflow of 1.0 cfs, this is approxi- Summary ing rates and amount of runoff and
mately 1/3 ~c-~t ?f s~orage. If the farmer Recirculating irrigation systems con- time and size of a cutback stream is
planned hIs Irngation sequence so that sisting of a runoff collecting system, presented. ...
all of the collected runoff co~ld .be storage unit, pumping installation, and After the total dIversIon IS decreased
used on the lower field, the pIpelIne return pipe are being used increasingly by the amount of runoff saved, there
cost could be reduced. to reduce total water use on the farm. will be only small differences in the

The effect of pump efficiency on These systems improve irrigation ef- amount of wate~ used due to the
system annual cost should be closely ficiency in two ways: (a) by saving ~ethod of handling the runoff water
evaluated. For the example given, runoff and thereby decreasing overall ~n the farm system: The method of us-

" comparative costs were computed us- diversion requirements, and (b) by mg runoff water WIll affect the ra~e a~d
K ing 30 and 60 percent efficient pumps. providing the means of altering man- amount of ru,noff handled and t.hls will
fl To maintain the same total annual cost agement practice so that deep percola- be refl~cted m the cost of ownmg ~nd
;[ at a.O.4-cfs pu~ping ~ate, a 30 percent tion losses are reduced. . operatmg th~ system. CI.ose attentIo~
~ efficIent pumpmg UnIt would have to These systems can be most effectIve sho~ld be gl,:en by d~slgner~ to. se

be purchased at a first cost equal to in improving irrigation practice when lection of efficIent pump!ng UnIts, sl~ce
only 25 percent of the 60 percent ef- they are used to achieve a cutback or the total. annual cost vanes ~rea~y wIth
ficient pump. At a 1.0-cfs pumping reduced stream flow. This allows the t~e efficIency of the pumpmg mstalla-
rate, the extra operating cost of a 30 farmer to obtain efficient irrigation by lion.

percent efficient unit is more than the surface methods, reusing runoff water R ffi d I f 60 f ' h ". d eerencesxe annua cost 0 a percent e - wIt mmlmum mvestment an operat- Bo d J A d L S W 'll dfi . .
I h d h ., A b k ' II 1 n urant, ' ., an . , 1 ar son,

clent UnIt. n ot er wor s, at t IS mg cost. cut ac system WI return ~eci~culating far,? irrigation, systems, ASCE Ir-

Pumping rate a 30 Percent efficient collected runoff water to the supply Sys- ngabon and Dramage SpecIalty Conference Pa-
pers, pp. 243-256, 1966.

pumping unit obtained free would still tern at a rate calculated to give the re- 2 Willardson, L. S., and A. A. Bishop. Analy-h h. h I I h ' d . d . h d sis of surface irrigation application efficiency.
ave a Ig er tota annua cost t an quIre stream sIze unng tea vance ASCE Division of Hydraulics and Irrigation, IR

wou~d the system using a 60 percent period and as adequate stre~m size for a 2, !~o;;,-3r:>aJi~eL~96~'ethod for determining
effiCIent pump purchased at a normal cutback stream when pumpmg of stored minimum cost farm-irrigation pipeline design,
price. water ceases. A method for determin- r96~actions of the ASAE 10:(2)209-212, 216,
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